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General morphology of the oral cavity of 
the Nile crocodile, Crocody/us niloticus 
(Laurenti, 1768). I. Palate and gingivae 
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ABSTRACT 

PUTTEAILL, J ,F, & SOLEY, J .T. 2003. General morphology of the oral cavity of the Nile crocodile, 
Crocodylus nl/Oricus (Laurentl, 1768). I. Palate and gingivae. Onderstepoort JoumaJ of Veterinary 
Research, 70:281- 297 

The heads of nine 2.5 to 3-year-old Nile crocodites (Crocodyfus ni/Oticus) were obtained from a conr 
merclal farm where crocod~es are raised fo r their skins and meal The animals from which these 
specimens originated were clinically healthy at the time they were slaughtered. A detailed descrip
tion of the macroscopic and mk;:rosoopic features 01 the palate and gingivae of the Nile crocodile Is 
presented and the results are compared with published infOlIDalion on this species and other 
Crocodylia. The histological features are supplemented by information supplied by scanning electron 
microscopy. Macroscopic features of interest are the small conical process situated al the base of 
the first two Incisors of the maxilla , the distribution of cobbled units on the palate. and the broad den
tary shelf forming the rostral aspect of the mandible. Histologically the palate and gingivae did not 
differ significantly from each other and both regions showed a presence of Pacinian-type COI"pUSCles. 
Two types of senSOfY structures (laste receptors and pressure receptors) were identified In the 
regions examined. both involving modification of the epithelium and the underlying connective tis
sue. 

Keyword,: Crocodylus niloticus. histology, morphology, Nile crocodile, oral cavity, scannIng elec
tron microscopy 

INTROOUCTION 

The morphology and microscopic anatomy of the 
reptilian oral cavity has received much attention in 
the literature (for a review see luppa 19n), with 
most studies concentrating on the description and 
location of glandular tissue, taste receptors and 

epithelial specialisation of the region, Attention has 
also been given to the embryological and evolu
tionary development of these specialisations. Sim
ilarly, most studies on the oral cavity of crocodilians 
have concentrated on specific morphological fea
tures of this region. 
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ROse (1893) reported the presence of glandular tis
sue situated in pits between the teeth of the maxilla 
(glandulae palatinae) in Crocodylus porosus and 
described the embryological development of these 
glands. Woerdeman (1920) reviewed earl ier litera
ture (ca. 1888 to 1914) on the subject and empha
sised discrepancies amongst the authors regarding 
the presence or absence of oral glands in Croco
dylia. Farenholz (1937) reported two areas in the 
palate in which glands occur, viz .• median palatine 
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glands found only in Caiman spp. and small glands 
at the median aspect of the maxillary teeth, found in 
Caiman spp. and Alligator mississippiensis. ~ow· 
ever, Taguchi (1920) found glandular tissue "in the 
submucosa of the caudal part of the palate and the 
oral surface of the velumM

• Kochva (1978) exten· 
sively described glandular tissue in reptiles, but only 
fleetingly refers to the Crocodylia. 

Bath (1905. 1906) described the histology of taste 
receptors in the oral cavity, pharynx and oesopha· 
gus of Crocodilus ni/oticus (sic.) and Alligator missis· 
sipiensis (sic.), finding no clear distinction between 
those seen in these species and those of higher ani
mals. Luppa (1977) , who generalised his descrip
tion of the histological composition of the reptilian 
oral cavity, stated that "taste buds were scattered 
throughout the oral epithelium in reptiles and that in 
Lacerta they were most numerous laterally and on 
the palatal folds." Hulanicka (1913) investigated the 
innervation of the tongue, palate and the skin of 
Crocodylus niloticus and Alligator lucius and de· 
scribed five different nerve endings in the regions 
studied. Alligator lucius represents A. mississippi· 
ensis (F.W. Huchzermeyer, personal communica
tion 2002). 

Fuchs (1908, cited by Barge 1937) postulated the 
formation of the secondary palate in the Crocodylia 
and compared this formation to other reptiles. con· 
cluding that the secondary palate of crocodiles was 
unique amongst the reptiles. Barge (1937) described 
the embryological development and phylogeny of 
the secondary palate in crocodiles. Ferguson (1979) 
investigated the developmental mechanisms in nor
mal and abnormal palate formation in the American 
alligator (A. mississippiensis) and concluded that 
the Crocodylia showed characteristics which were 
part mammalian and part reptilian , a unique combi· 
nation which made them a useful model to study 
palatogenesis. 

Dentition in Crocodylia has also received much 
attention in the literature. Of note is the paper by 
Poole (1961) who described tooth replacement in 
C. ni/oticus, the studies by Westergaard & Ferguson 
(1986, 1987) who described the development of 
dentition in hatchling and juvenile A. mississippian· 
sis, and the article by Kieser, Klapsidis, Law & Mari· 
on (1993) who examined heterodonty and pattems 
of tooth replacement in C. nilolicus. Edmund (1962, 
1969) also made a major contribution to studies on 
dentition in the Reptilia, including the Crocodylia, 
describing the sequence and rate of tooth replace· 
ment in these reptiles. 
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Although detailed descriptions of specific compo
nents of the crocodilian oral cavity have been pre· 
santed. only a few studies have reported on the 
general histological features of this region. Reese 
(1913) studied the histology of the enteron of the 
~Florida alligator". which included the oral cavity. 
Reese's description, however, concerned histologi· 
cal differences between hibernating and feeding. 
captive animals. Taguchi (1920) compared similar 
regions of the oral cavity to those examined by 
Reese (1913) in three species of Crocodylia, name· 
Iy, Alligator sinensis, Krokodilus porosus and Krok· 
odifus vulgaris. The latter is believed to represent 
the Nile crocodile, Crocodylus nifoticus (see http:// 
www.flmnh .ufl.edu/natscilherpetology/turtcroclist! 
chklst2.htm). Throughout this paper, and pertaining 
only to Taguchi (1920), ~KrokodiluS' is referred to as 
~ CrocodyluS' and ~K. vulgariS' as ~c. niioticuS'. In 
Chiasson's (1962) publication on the anatomy of 
the alligator, components of the oral cavity (palate 
and tongue) are briefly mentioned without any fur· 
ther detail being given. Similarly Parsons & Cameron 
(1977), who examined the relief of the gastro-intes· 
tinal tract of the Reptilia, including the Crococtylia, 
only start their description from the oesophagus 
and do not describe the morphology of the oral and 
pharyngeal cavities. 

In view of the paucity of information concerning the 
general histological features of this part of the upper 
digestive tract. this paper presents a general topa. 
graphical description of the oral cavity as well as the 
macroscopiC and microscopic features of the palate 
and gingivae of the Nile crocodile, Crocodyfus niloti
cus (Laurenti , 1768) and compares the results with 
published information on this species and other 
Crocodylia. The histological featUres are supple
mented by information supplied by scanning electron 
microscopy (SEM). Morphological features of the 
tongue will be presented in another paper. 

MATERIALS AND METHODS 

Experimental animals 

The heads of nine 2.5 to 3·year-old Nile crocodiles 
were obtained from a commercial farm where croc
odiles are raised for their skins and meat. The 
lengths of the animals sampled ranged from 1.2-
1.5 m and they were Clinically healthy at the time 
they were slaughtered. The animals were killed by 
shooting them in the brain at close range using a 
.22 calibre rifle. After the carcasses had been 
skinned and eviscerated the heads were removed 



and immersion-fixed in a large volume of 10 % 
phosphate-buffered formalin in plastic buckets for a 
minimum period of 48 h. Care was taken to exclude 
air from the oral cavity by wedging a small block of 
wood in the angle of the mouth prior to immersion 
in the fixative. Samples from the palate and gingi
vae were taken from the heads and processed for 
light microscopy (LM) and scanning electron 
microscopy (SEM) according to the procedures 
detailed below. 

Topography 

Prior to sampling, all nine heads were utilised for a 
description of the gross anatomical features and 
topographical relationships of the structures in the 
oral cavity. Macropholographs were recorded digital
ly using a Nikon Coolpix 995 (Nikon, Tokyo, Japan) 
digital camera or on 35 mm film using a Chinon X-7 
(Chinon, Tokyo, Japan) single lens reflex camera, 
respectively. The oral cavities of these heads were 
also examined and micrographed using a stereo
microscope (Wild M-400 Photomakroskop, Heer
brugg, Switzerland) to obtain higher magnification 
micrographs of specific topographical features. 

A dried skull from a 5-year-old (approximate age) 
specimen was used to confirm the position and 
naming of teeth in the maxilla and mandible as well 
as to provide supporting evidence for the anatomi
cal description. Teeth were named and numbered 
according to Kieser et al. (1993). 

Light microscopy 

Samples of the gingiva from the mandible were re
moved from the various regions indicated in Fig. 1 
and were based on the position of the incisor and 
canine teeth . The portion of gingiva caudal to the 
indicated regions, i.e. the region involving the molar 
teeth, was too firmly attached to the underlying bone 
to permit suitable samples to be taken. The mucosa 
of the palate was also sampled according to the 
dental arrangement of the teeth , i.e. from regions I 
1 to I 5, C 1 to C 5 and M 1 to M 8 as shown in Fig. 
2. As the gingiva of the maxilla appeared macro
scopically to be continuous with the palate, these 
specimens were removed together with the sam
ples of the palate. A simi lar set of specimens (adja
cent tissue) from all the indicated regions of the 
mandible and palate was taken at the same time for 
SEM examination. 

Samples for LM were dehydrated through 70, 80, 
96 and 2X 100 % ethanol and further processed 
through 50 : 50 ethanol: xylol, 2X xylol and 2X par-
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aftin wax (60-120 min per step) using a Shandon 
model 2LE Automatic nssue Processor (Shandon, 
Pittsburgh, PA, USA). Tissue samples were finally 
embedded manually into paraffin wax in brass 
moulds. Sections were cut at 4-6 J.JTTI , stained with 
haematoxylin and eosin (H&E) (Luna 1968) or per
iodic acid-Schiff (PAS) (Pearse 1985) and viewed 
and micrographed using a Reichert Polyvar (Reich
ert, Austria) compound light microscope fitted with 
a differential interference contrast (DIC) prism. 

Scanning electron microscopy 

The samples of the gingivae and palate obtained as 
indicated above and which had been fixed in 10 % 
phosphate-buffered formal in for a minimum of 48 h 
were subsequently rinsed for several hours in water 
to remove traces of phosphate buffer. These sam
ples were routinely dehydrated through an ascend
ing ethanol series (50, 70, 90, 95 and 3X 100 %-
60 min per step) and critical point dried from 100% 
ethanol through liquid-C02 in a Polaron Critical 
Point Drier (Polaron, Watford, England). The sam
ples were then mounted onto brass or aluminium 
viewing stubs (to expose the epithelial surface) with 
a conductive paste (carbon dag) and sputter coated 
with gold using a Balzers 020 Sputter Coater (Bal
zers Union, Liechtenstein) . Specimens were viewed 
and photographed using a Hitachi 5-2500 scanning 
electron microscope (Hitachi, Tokyo, Japan) oper
ated at 8 kV. 

RESULTS 

Macroscopic features 

The oral cavity had the form of an isosceles trian
gle (Fig. 1 and 2) and was dorsa-ventrally flattened, 
severely limiting the space within the cavity. The 
roof of the cavity was formed exclusively by the 
palate and the indistinct gingiva with which it was 
continuous. The caudal limit of the roof was demar
cated by the notched dorsal component of the gular 
valve , whereas the rostral limit of the palate was 
occasionally characterised by the presence of two 
deep pits which accommodated the first two inci
sors of the mandible (Fig. 2) . Between the two pits 
(or at the base of the two I 1 teeth) was a small , 
rigid, conical process (Fig. 2) which emerged from 
a low-profi led ridge above the anterior palatine 
foramen. The tip of this process was housed within 
a shallow depression in the mandible at the base of 
the first two mandibular incisors (Fig. 1 and 3). The 
surface of the palate had a cobbled appearance 
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FIG. I Macrophotograph 01 the mandible with the tongue In Situ shOwing the denial arrangement of lhe Incisor (I 1-3). canine 
(C I -5) and molar (M 1-7) teeth, demarcaled by the sllppled IInos The sampling sites 101' histology of lhe gingivae (O and 
E) are also indICated The rostral dentery shell Is Indicated In the roglon abovo the symphySis 01 the dentary bones. The 
black arrowhead Indlcates the position ollhe shallow depression which houses the small. rigid. conically formed process. 
situated at the base 01 the I 1 leeth. seen in Fig. 2. The glo1lls (GT) and laryngeal mound (LM) are shown in situ on the 
tloor 01 the pharyngeal ca~lty and lila vontral fOld (VF) 01 the gular valvo Is seen separating the ventrat aspects of the oral 
and pharyngeal cavltles_ Forlnalln liMed specimen. X 0.75 

FIG. 2 Macrophotograph 01 the maMilla and palate showing the dental arrangement 01 the incisor (1 1-5). canine (C t-5) and molar 
(M \--8) teeth. demarcated by tho sllpplod 'lnes . The smooth area 01 the palate, demarcated by lhe black arrows, lies above 
the leh aod nght postenor palatine lommlnae. The small. rigid. conical process. Situated at the base 01 the I I teelh. is indi
cated by the arrowhead Also nole Ihe smooth zone of mucosa forming the gingIVa adjacent to the leeth (asterisks) which 
slretches Irom approximately I 510 M 8 on both sides 01 the maxilla. The common opening 01 the internal nares (IN) is seen 
on the rool 01 the pharyngeal caVity as well as the dorsal fald (OF) 01 the gular valve whICh separates the dorsal aspecls 
ollhe oral and pharyngeal cavllies Samples of the mucosa 01 the palate and gingiva were removed trom regions A. B and 
C as indicated on the photograph Formalin fixed specimen. X 0,75 

(Fig. 2) due to the presence of numerous, raised, 
cobble-like structures. The cobbles on the rostral 
two-thirds of the palate were large, whereas Ihose 
occupying Ihe caudo-Ialeral aspecls of Ihe palate 
were smaller, had a lower profile, bUI were densely 
arranged. Between the lalter two regions were 
paired elliptical areas, devoid of cobbles, and which 
merged medially along Ihe midline of the palate 
(Fig. 2) . These smoolh areas corresponded to Ihe 
positioning of the left and right posterior palatine 
foraminae which were formed by the caudal edges 
of the maxillary, the lateral edges of the palatine, a 
small region of the rostral edge of the pterygoid and 

FIG 3 Macrophotograph of the rostral portion 01 the mandible 
(I t to C 5). The gingiva is seen to have a slightly cob
bled appearance towards the rostral tip above the 
dentary symphysis. The black arrow indicates a shal
low depression which houses the small. rigid, conical
Iy·shaped maxillary process seen in Fig 2_ The blocked 
arrow shows a hole made by the hook in the abatlolr 
when the carcass was suspended during the eviscer
ation process. I 1 • IflClsor 1; C 1. C 5 • Canine 1 and 
5. Formalin-liMed specimen. X 12 

the medial edge of the transpalaline bones, Along 
the midline of the palate were a series of closely 
positioned cobbles forming a clearly defined medi
an ridge, This ridge extended from the conical pro
cess menlioned above to Ihe base of the dorsal fold 
of the gular valve. However, the part of the ridge 
dividing the Iwo smooth elliptical areas above the 
posterior palatine loraminae was less distinct in 
nature. The base of the palate adjacent to the dor
sal fold of the gular valve displayed a variable num
ber of transverse mucosal folds which closely 101-
lowed the contours of the dorsal fold across its 
entire breadth (Fig. 2). 
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The gingiva of the maxilla was continuous with the 
palate and could practically be considered to be 
part of it (Fig. 2) . A relatively wide (4-5 mm), clear
ly demarcated zone of smooth mucosa (possibly 
representing the palatal aspect of the gingiva) sep
arated the cobbled portion of the palate from the 
maxillary teeth , from approximately C 3 to M 8. 
From approximately C 2 rostrally, the surface of the 
gingiva also had a cobbled appearance similar to 
that of the palate and the boundary between the lat
ter and the gingiva was not clearly defined. The 
teeth of the maxilla reflected the dental formula de
scribed by Kieser at af. (1993) and were carried in 
the premaxillary and maxillary bones. In the occlud
ed mouth, the teeth of the maxilla were accommo
dated in grooves to the outside of the mandible, 
between the teeth of the lower jaw. The tips of the 
teeth of the mandible were accommodated in pits 
situated between the teeth of the maxilla, with the 
exception of C I, which was accommodated in a 
maxillary notch and remained visible when the jaws 
were closed. 

The noor of the oral cavity was formed by the tongue 
and a wide, rostral mucosal plate continuous with 
the gingiva (Fig. 1 and 3) . This plate represented 
the mucosa-covered surface of the widened rostral 
tips of the paired dentary bones of the mandible 
where they met at the dentary symphysis. This plate 
extended from the rostrally-positioned first two inci
sors to a point approximately midway between C 1 
and C 2 (Fig. 1 and 3). The relatively long tongue 
was roughly triangular in shape, being much broad
er caudally than at its tip (Fig. 1). It occupied the 
greater part of the floor of the oral cavity (apart from 
the rostral plate over the symphysis of the dentary 
bones) and was bordered peripherally by a loose, 
highly folded , continuous, fibrous membrane (Fig. 1 
and 3). 

The gingiva of the mandible was more clearly 
defined than that of the maxilla, having a low pro
filed, cobbled appearance from approximately C 3 
rostrally. There was close anachment of the gingi
va to the mandibular (dentary and splenial) bones, 
especially in the region of C 3 (or C 4) to M 7 (or 
M 8) . The rostral tip of the dentary bones formed a 
broad shelf or plateau (the rostral dentary shelf) 
which was divided medially by the dentary symph
ysis. In this region the gingiva had a slightly spongy 
texture, although the surface also had a cobbled 
appearance (Fig. 1 and 3). The teeth of the mandible 
were carried in the paired dentary bones and also 
reflected the dental formula described by Kieser et 
al. (1993) (see Fig. 1). 
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From M 4 (or M 5) to M 7 (or M 8) the dentary bone 
and the medially situated splenial bone were In 
close association, although the mandibular teeth 
were clearly housed in the dentary bone. 

Light microscopy 

The palate 

Sections of the palate stained with H&E revealed a 
keratinised stratified squamous epithelium of vari
able thickness in all the regions examined. The 
stratum basale was composed of a single layer of 
cuboidal to columnar cells resting on a basement 
membrane. The basement membrane was most 
obvious in PAS-stained sections and varied in 
prominence from conspicuous to barely visible. The 
nuclei of the basal layer of cells were pale, vesicu
lar and round to oval in shape (Fig. 4A). Where 
oval. the nuclei were oriented vertically to the sur
face of the epithelium. 

The stratum spinosum consisted of 3-6 layers of 
cells. The cells adjacent to the stratum basale were 
cuboidal in shape, while the more superficial cells 
were horizontally flattened. All the cells of this layer 
displayed the characteristic inter-linking cytoplas
mic bridges connecting the individual components. 
The nuclei of these cells resembled those of the 
stratum basale. A thin (3-4 layers) stratum granu
losum was present above the stratum spinosum. 
Cells in this layer were spindle shaped or flanened 
and oriented horizontally. The nuclei were pycnotic, 
flattened and oriented in the same plane as the 
cells, while the cytoplasm was filled with strongly 
basophilic-staining keratohyaline granules (Fig. 
4A). The stratum corneum varied in thickness and 
was composed of a number of compressed layers 
of cells in which no nuclei were apparent (Fig. 4A). 
In some areas, particularly towards the gingiva of 
the teeth and in convoluted regions of the epitheli
um, a stratum disjunctum consisting of a loose 
layer of keratinised cells was present (Fig. 4B). 

The epithelium was supported by a thick layer of 
irregular dense connective tissue with prominent 
bundles of variably oriented collagen fibres being 
the most prominent feature (Fig. 4A, B, D and E). 
Sandwiched between the deeper regions of the 
irregular dense supporting connective tissue and 
the periostium of the palatine bones was a well
developed plexus of blood vessels, lymphatics and 
nerves (medullated and non-medullated). Deeply 
situated striated muscle bundles were noted only in 
the region of the posterior palatine foraminae, 



stretching from the posterior third of the palate to 
the base of the dorsal gular fold . No other muscu
lar tissue was observed. Immediately beneath the 
basement membrane was a thin layer of fine con
nective tissue which in places displayed a vacuo
lated, spongy appearance. This region demonstrat
ed a rich capillary blood suppty which was intimately 
associated with the overtying epithelium. No glan
dular tissue was ever observed in any of the speci
mens during histological examination of the palate. 
Lymphocytic aggregations were also not apparent 
in these sections. 

Melanocytes were observed in the connective tis
sue a short distance beneath the stratum basale , 
but never within the epithelial layer. The cells were 
typically dendritic in nature and displayed large num
bers of brown to black melanin granules (melan
osomes). The melanocytes were concentrated 
around the capillary plexus beneath the epithelium 
and also around the larger blood vessels and nerves 
more deeply positioned within the connective tissue 
stroma. In some areas the melanocytes fanned a 
diffuse but definite layer beneath the epithelium. 
The presence of melanin varied amongst individual 
specimens examined and in some cases it was 
found to be entirely absent. 

Mast cells occurred either singly or in small groups 
throughout the connective tissue layer with concen
trations of five or more cells sometimes being 
observed. The mast cells were large, round and 
often observed in the vicinity of blood vessels. The 
pale, round to oval vesicular nucleus was centrally 
positioned within the cytoplasmic mass which dis
played small fine , evenly distributed basophilic gran
ules. Prominent Pacinian-like corpuscles were ran
domly scattered throughout the connective tissue 
layer a short distance beneath the epithelium (Fig. 
4B and C). These structures typically consisted of a 
variable number of connective tissue lamellae sur
rounding an inner core representing the terminal 
portion of the innervating nerve. The corpuscle was 
surrounded by a prominent, dense connective tis
sue capsule (Fig. 4C) and large medullated nerves 
were observed in the vicinity of the corpuscles. 

Three types of surface speciaIisations were observed 
in the sections studied. The first type comprised 
small pointed elevations of the epithelial lining sup
ported by a core of fine connective tissue (Fig. 4A). 
In some instances these elevations presented as a 
series of small localised projections giving the sur
face of the palate a scalloped appearance. These 
structures probably represented the epithelial folds 
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observed by SEM (see below). The remaining two 
types of specialised structures were characterised 
by modification of both the epithelium and the 
underlying connective tissue. Both structures (Fig. 
40 and E) displayed a localised thickening of the 
epithelium due mainly to an increase in the number 
of layers of the stratum spinosum. The keratinised 
layer in the region of the epithelial thickening was 
generally thinner than that of the adjacent tissue. 
The localised epithelial thickenings were most com
monly found in the form of an elevated, dome
shaped structure due primarily to the presence of a 
diffuse, ellipsoid or conical-shaped mass of loosely 
arranged connective tissue situated immediately 
beneath the epithelium (Fig. 40) . These regions 
were more lightly stained (H&E-stafn) than the sur
rounding connective tissue (due to a reduction in 
size and number of the collagen bundles) and 
caused localised protrusion of the overlying epithe
lium into the mouth cavity. The morphological fea
tures of the specialised regions varied. In some 
instances the diffuse connective tissue core con
tained a basophilic cell-rich mass situated immedi
ately adjacent to the basal lamina. In other regions, 
the connective tissue core displayed a paucity of 
cells, possibly due to the plane of section. Associ
ated with the modified regions of connective tissue 
were Pacinian-like corpuscles which were either 
found in or adjacent to this zone. Nerve tissue fea
tured prominently within the modified connective 
tissue and large medullated nerves and blood ves
sels were observed entering/leaving at the base of 
the connective tissue core. The dome-shaped spe
cialisations were distributed throughout the palate 
but appeared to be more numerous on the rostral 
aspect up to the rostral border of the posterior pala
tine foraminae (see Fig. 2). 

A small number of localised epithelial thickenings 
appeared flattened in contrast to the dome-shaped 
structures and were either positioned level with the 
adjoining epithelial surface or slightly raised above 
it. The floor of these epithelial specialisations jutted 
into the underlying connective tissue layer. Epithe
lial cells towards the middle of the specialisation 
adopted a vertical orienlation, fanning a large ellip
tical structure reminiscent of a taste bud (Fig. 4E 
and F). Some of the vertically inclined cells re
vealed dense, somewhat elongated nuclei, particu
larly towards the periphery of the elliptical structure, 
and were similar in appearance to the supporting 
cells of the mammalian taste-bud. Similarly inclined 
cells with more vesicular nuclei were seen among 
the supporting cells and may have represented 
neuro-epithelial cells. A modified connective tissue 
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FIG. 4 Histological features of the palate 

A A pointed elevalioo of the epithelial lining of the palate supported by subepithelial connective tiSSlJ8 (CT). Stratum 
besale (1); stratum spinosum (2): thin slratum granulosum (asterisk): superficial stratum corneum (3). H&E-staln. Bar 
" 100 jim 

B Randomly scattered Pacinian-like corpuscles (arrowhead) were located in the subepithelial connective tissue and often 
associated with epithelial speciaJisations. Note signs 01 desquamalioo 01 the superticial layers of the stratum corneum 
(arrow). H&E-staln. Bar :. 100 IJffl 

C Typical Pacinlan-like corpuscle displaying concentric lamellae around an inner core (arrowhead). Note the th ick, fibrous 
connective tissue capsule surrounding the corpuscle. H&E-staln. Bar .. 50 jJm 

OUght micrograph of an elevated, dome-shaped specialisation commonly louM In the rostral and lateral regions 01 the 
palate showing a pale connective tissue mass (OUIlined area) below the epithelium. Note the localised thickening 01 the 
epithelium and the darlt, su~pithelial cellular mass (arrownead) H&E-stain. Bar:. 500 jJfn 

E A "aliened epithelial specialisation typically lound in the mid-. lateral and postelior regions of the palate. Note the 
dense, dark cellular mass (arrowhead) in the deeper connective tissue associated with these receptors and the 
arrangement of the epithelial cells to form a structure similar to that of a taste bud (rectangle). H&E-stain. Bar = 250 jJm 

F Higher magnification of the epithelial specialisation shown in the rectangle In Fig. 4E. Note the translucent circular 
structure (arrow) filled with fine fibrillar material. It was not possible to determine the function of this type of corpuscle, 
but it was thought that they might be associated with taste or osmoreceptlOfl. H&E·staln. Bar :: 100 IJI'll 

core similar to that seen beneath the dome-shaped 
structures was also evident but did not appear to be 
specifICally associated with Pacinian·like corpus· 
cles. Attendant medullated nerves, however, were 
much in evidence. The taste receptors described 
above appeared to be concentrated on the more 
lateral aspects of the palate although they were 
occasionally encountered towards the midline. 

SEM examination confirmed the cobbled appear
ance of the patate seen macroscopically. It shoutd 
be noted. however. that individual variation existed 
in the specimens examined regarding the promi
nence of the cobbling. Each clearly demarcated 
cobbled unit displayed a centrally positioned dome
shaped structure or papilla surrounded by an 
expanse of loosely attached surface epithelial cells. 
Desquamation of these cells was particularly obvi· 
ous at the perimeter of the dome-shaped structure 
(Fig. 58). In much of the palate (roughly correspon
ding to the surface in contact with the dorsum of the 
tongue) the epithelial surtace surrounding the papil
lae was thrown into a number of conspicuous folds 
which branched and anastomosed (Fig. SA). The 
folds displayed a rostro-caudal or slightly oblique 
alignment. However. towards the periphery of the 
palate bordering the gingivae and the dorsal fold of 
the gular valve , as well as in the smooth region of 
the palate overlaying the posterior palatine forami· 
nae, the cobbled units displayed a featureless sur
face around the domed papillae. 

Some of the domed papillae revealed a small cen
trally positioned depression and radiating grooves 

(Fig. 5C). These structures appeared to occur more 
commonly in the rostra-lateral regions of the palate. 
All regions of the palate were characterised by dis
tinct desquamation of the superficial cells of the 
epithelium. This phenomenon was possibly accen· 
tuated by the critical point drying (CPO) process 
used for SEM sample preparation. Cracking of the 
epithelial layer was evident in some specimens 
examined (see Fig. SC) and was also attributed to 
the CPO process. Higher magnification of the epi· 
thelial surface using SEM imaging revealed the typi· 
cal polygonal outline of the individual cells, although 
the borders were not always clearly demarcated. 
The keratinised surfaces had a coarse, matted 
appearance (Fig. 50 ). 

The gingivae 

The composition and structure of the gingival mu
cosa was similar in general appearance to that of 
the palate, although some variations in structure 
were apparent. The epithelial surface was more 
undulating than that of the palate, with occasional 
elevated structures protruding from the surface 
(Fig. 6A. C and 0). The epithelium itself was thin
ner than that of the palate, with the stratum corneum 
and stratum disjunctum forming the most prominent 
layers. The stratum spinosum was extremely thin 
and only obvious in regions of localised thickening. 
Below the basement membrane was a thin layer of 
vacuolated, spongy connective tissue which was 
continuous with a thick layer of irregular dense con
nective tissue. 
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FIG. S SEM features of the palate 

A SEM photograph 01 a polygonal-shaped cobbled unit (arrowheads) typical of the surface of the palate. Note the cen
trally positioned dome-shaped structure (papilla--<::ircled) and the grooved appearance of the surrounding epithelial 
surface. Bar "" 250 ,:.om 

B Higher magnification of the slightly convex, circular structure circled in Fig. SA, the surface of which appears feature
less. Note the epithelial desquamation (possibly accentuated by SEM processing) around the perimeter of the papilla 
(arrowheads). Bar '" 50 ,:.om 

C A convexly raised papi lla with a central depression (asterisk) with radiating grooves (black arrowheads). These papil 
lae were observed in the rostra-lateral regions of the palate. light desquamation is also apparent (while arrowheads). 
The block arrows indicate artefacts (cracking of epithelium) probably caused during SEM processing (critical point dry
ing). Bar", 100 JIfT1 

D Higher magnification of the typical cell-surface features seen throughout the palate. The arrows indicate the boUndaries 
of a characteristic polygonal-shaped cell. Note the complex pattern of microridges on the cell surface. Bar " 2 txn 

The occurrence, appearance and organisation of 
mast cells, melanocytes, vascular and nerve plex
uses was similar to that seen in the palate. Surface 
specialisations similar to those seen in the palate 
were evident in the gingiva, namely, the small , 
pointed epithelial elevations and the larger special
ised structures displaying modification of the epi· 
thelium and the underlying connective tissue. These 
structures were particularly obvious at the rostral 
aspect of the mandible although they were found 
throughout the gingivae. The small epithelial pro
jections probably represent the conical processes 
seen by SEM (see Fig. SO). The raised , dome
shaped structures with a thickened epithelium 
were, as in the palate, associated with Pacinian-like 
corpuscles situated in the vicinity of the modified 
connective tissue core. However, the Pacinian-like 
corpuscles appeared to be more abundant in the 
gingivae, with three to four sometimes being asso
ciated with each specialisation. The thickened, 
non-elevated epithelial specialisations typically also 
displayed structures resembling taste buds. The 
"taste budH was generally situated in the centre of 
the thickened epithelial lining, although pairs of 
"taste budsH were sometimes observed (Fig. 68 
and E). 

SEM of the gingiva revealed a series of raised, 
dome-shaped structures each of which was sur
rounded by two concentric rows of smaller, raised 
conical projections (Fig. SO). These structural units 
appeared most concentrated on the shelf above the 
dentary symphysis (rostral dentary shelf) of the 
mandible and showed smaller concentrations at the 
base of each tooth (see Fig. 6C), from I 1 to C 5, 
but progressively reduced in numbers caudally on 
the lingual surfaces of the dentary and splenial 
bones. The gingiva of the maxilla also displayed a 

reduced number of these structural units. Situated 
between some of these units were small , flattened 
and slightly depressed, circular areas, often dis
playing a centrally situated pore (Fig. SO). Pairs of 
closely associated pores were also occasionally 
seen (Fig. SE). Higher magnification of the flattened 
discs sometimes showed a mass of fimbriae pro
truding from the pore (Fig. 6E and F). The pores 
are believed to represent the opening on the sur
face of the underlying "taste buds" and were some
times difficult to observe by SEM due to occlusion 
of the pore by cellular debris. The flattened areas 
did not occur constantly between the domed units 
described above and also did not appear to be 
arranged in any sequence or pattern, but their 
occurrence was most common on the rostral den
tary shelf. On occasion they also occurred isolated 
from any other epithelial specialisations, although 
they displayed similar morphological features. 

Desquamation of the surface cells was much in evi
dence and the surface features of the cells were 
similar to those seen in the palate (see Fig. 50). 

Examination of fresh specimens from the palate 
and gingiva showed that the cobbled units 
described above did not display epithelial folding as 
prominently as formalin-fixed or critical point dried 
specimens. This phenomenon was presumed to be 
associated with the shrinking effect of fixation and 
the processing of the tissue samples for SEM 
observation. 

DISCUSSION 

Meaningful gross morphological descriptions of the 
oral cavity of the Crocodylia are not available in the 
literature and it appears that only specific speciali-
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FIG. 6 MOfPhoiogicalleatures of the gingivae 

A Light micrograph of a raised sensory unit commonly found in the rostral region of the mandible showing a pale con· 
nective tissue mass (ouUined area) below the epithelium. Two Pacinlan-like COI'puSCIes (arrowheads) are closely asso
ciated with the base of the modified region of connective tissue. H&E stain. Bar "" 500 IJITI 

8 LIght micrograph 01 paired structures (arrowheads) resembling taste buds within a flattened epithelial speciaJisalion. 
This type of specialisation was generally found in the rostral and mid-lateral gingivae 01 the mandible. Note the pale 
connective tissue mass (out!ined area) similar to that shown in Fig. 6A below the specialisation. A diffuse. basophilic 
cell ·rlch mass (asterisk) is observed within the connective tissue. H&E slain. Bar .. SOO J.KTl 

C Siereomicrograph of epithelial specialisatlons (arrows) in the rost ral region of the gingiva 01 the mandible. The spa· 
clallsatlons were normally situated close to teeth (white arrowhead). Fresh specimen. Bar = 500 J.KTl 

o SEM photograph 01 a group of epithelial specialisaliOfls, similarly situated to those shown in FIQ. 6C. Each dome· 
shaped papilla (shown in sagittal section In Fig. SA) Is in lum surrounded by rosettes 01 conical epitheliat projections. 
Note Ille "aliened circular area (arrowhead) in the centre of the group of papillae, Indicating tile flattened type of epithe· 
lial specialisation seen in sagittal section in Fig. 68. Bar = 500 pm 

E SEM photograph of paired pores (arrows) associated with the taste buds contained within flattened epithelial speciall· 
salions similar to those shown in FIQ. 6B and 60. Bar = to IJI11 

F Higher magnification SEM photograph 01 one of the sensory pores seen in Fig. 6E showing exposed fimbriae. Bar = 

5"" 

sations and structures (glands, dentition, the devel· 
opment and structure of the palate and osteology) 
have been described. Although illustrated in anum· 
ber of papers, the cobbled appearance of the epi
thelium of the palate and parts of the gingivae have 
not drawn any comment by the authors. Certainly, 
the small , rigid , conically shaped process (Fig. 2) 
which emerged from a low·profiled ridge above the 
anterior palatine foramen has not been described. 
The true structure and function of this process is 
unknown and was not specifically examined in this 
study, but may well prove an interesting topic for 
further investigation. Similarly, the description of the 
clearly defined median ridge, comprising a series of 
closely positioned cobbles along the midline of the 
palate, appears also to have drawn no attention 
from previous authors. The presence of a broad den
tary shelf forming the rostral aspect of the mandible 
(see Fig. 1A and 3), and which is richly supplied 
with sensory structures, is likewise not specifically 
mentioned in the literature. 

In his generalised description of the reptilian oral 
cavity, Luppa (19n) noted that within the oral cav· 
ity of the Reptilia, the epithelium showed consider· 
able regional and specific variation and that within 
a single species, compound squamous epithelium, 
ciliated epithelium, goblet cells and simple non·cili· 
ated columnar epithelium may be found. This study 
revealed that the epithelium of the oral cavity (in· 
cluding the surface of the tongue) varied little in 
structure except for the lining of the oral aspect of 
the dorsal and ventral folds of the gular valve. 

Throughout the oral cavity the epithelium was a 
lightly keratinised stratified squamous epithelium 
which showed slight localised variation in thick
ness. 

A relatively thin stratified squamous epithelium 
tined all aspects of the palate. However, towards 
the base of the dorsal fold and on the oral surface 
of the ventral fold of the gular valve, there was a 
sharp transition from the lightly keratinised epitheli
um to a thick, non-keratinised stratified squamous 
epithelium with prominent epithelial and connective 
tissue papillae (personal observation) . Throughout 
the palate, the epithelium was supported by a thick 
layer of irregular dense connective tissue at the 
base of which, adjacent to the periostium of the pal· 
atal bones, were well-developed plexuses of blood 
vessels, lymphatic vessels and nerves. Adjacent to 
the basement membrane was a layer of melano· 
cytes. Variation in density was apparent amongst 
specimens examined and in some cases no mela
nin appeared to be present. This region is similarly 
described by Taguchi (1920) who also mentions a 
scattered presence of Mpigmented cells·, presum
ably melanin containing cells. 

The general composition of the epithelium of the 
gingivae appeared very similar to that of the palate, 
although the gingivae had a more undulating sur· 
face. The epithelium itself was slightly thinner than 
that of the palate, with the stratum corneum and 
stratum disjunctum forming the most prominent lay· 
ers, particularly in the immediate vicinity of the 
teeth. 
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The occurrence of glands and the presence of taste 
receptors (sensory neuro-epithelial cells, [Luppa 
1977] or "Schmeckzellen" of Krause [1922, cited by 
Luppa 1977]) appear to dominate descriptions 
amongst authors who have examined the histology 
or morphology of the oral cavity of crocodiles. Koch
va (1978) extensively describes glandular tissue in 
reptiles, but only fleetingly refers to the Crocodylia 
(Caiman spp., A. mississippiensis and C. niloticus) 
noting only that "A cursory examination of some 
slides of Crocodylus niloticus reveals no sublingual 
glands". In an earlier study Woerdeman (1920) 
observed that the oral cavity of reptiles was highly 
glandular, but that crocodiles appeared to be an 
exception and that various authors had reported 
the absence of glandular tissue. Woerdeman (1920) 
also reviewed earlier literature (ca. 1888 to 1914) on 
the subject and emphasised discrepancies amongst 
the authors regarding the presence or absence of 
oral glands in Crocodylia. Gaupp (1888, cited by 
Woerdeman 1920) described the presence of small 
Glandulae linguales but concluded that Glandulae 
sublinguales and Glandulae palatinae were absent. 
Stannius (no reference, cited by Woerdeman 1920) 
stated that crocodiles did not have any salivary 
glands. Gegenbaur (1901, cited by Woerdeman 
1920) reported the absence of labial glands in croc
odiles. Schimkewitsch (1910, cited by Woerdeman 
1920) however, describes medial and lateral glan
dular groups in the palate of crocodiles. These Glan
dulae palatinae, according to Schimkewitsch (1910), 
were the equivalent of the intermaxillary glands in 
amphibians. 

Farenholz (1937) reported two areas in the palate 
in which glands occur, viz., median palatine glands, 
found only in Caiman and small glands at the medi
an aspect of the maxillary teeth, found in Caiman 
spp. and A. mississippiensis. Woerdeman (1920), 
while investigating tooth development of Crocodylus, 
found that the development of glands, previously 
described by Rose (1893), was closely associated 
with the development of the dental system. These 
glands were observed to open into pits situated 
between the maxillary teeth and into which fit the 
tips of the mandibular teeth. The glands are medi
ally situated in the pits and are surrounded by soft 
connective tissue and covered by a stratified squa
mous epithelium. The region between the maxillary 
teeth (i.e., the pits into which the tips of the man
dibular teeth fit) was not examined during this study 
and it is thus not possible to comment on the pres
ence or absence of any glandular tissue in this 
region. However, Taguchi (1920) found glandular 
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tissue "in the submucosa of the caudal part of the 
palate and the oral surface of the velum" in all three 
species he examined and described the glands as 
being branched tubulo-alveolar mucous glands. 
This statement indicates that Taguchi found two 
clear zones of glands, albeit in close proximity to 
each other. This investigation clearly indicated that 
there was no glandular tissue in the palate "proper" 
and that glandular tissue (as described by Taguchi 
1920) only occurred on the oral surface of the dor
sal fold of the gular valve (personal observation). 

Although dentition was only superficially examined 
in the Nile crocodile during this study, it became 
important when sampling methods of the palate 
and gingivae of the lower and upper jaws were 
conSidered. Teeth were therefore named and num
bered according to Kieser et al. (1993), who con
cluded that the Nile crocodile was heterodont and 
had five premaxillary incisor, five canine and six or 
more post canine (molar) teeth in the maxilla. The 
dental arrangement in the mandible was three pre
mandibular incisor, five canine and six or more post 
canine (molar) teeth. The teeth of the mandible 
were accommodated in the paired dentary bones 
which united at the rostral, elongated dentary sym
physis (see lordansky 1973 for osteology of the 
crocodilian skull). Each tooth emerged from its own 
alveolus in the dentary bone. The caudal region of 
the splenial bone, situated medially to the dentary 
bone, was in close association to molar teeth M 4 
to M 7 (or M 8), but did not form part of the accom
modation of the teeth in the jaw. This is in contrast 
to the findings of Chiasson (1962) who examined 
the alligator and stated that the dentary bone 
"bears the first 14-15 teeth in individual alveoli on 
each side, the remaining 5-6 teeth being held in a 
common groove between the dentary and splenial 
bones." The teeth of the maxilla were similarly 
accommodated in individual alveoli in the premaxil
la and maxillary bones, which also formed the 
major portion of the palate. Chiasson (1962) stated 
that in the alligator there were "15 to 16 maxillary 
teeth on each side. The first few of these are held 
in individual alveolar sockets but the posterior 
series are set side by side in a common groove." 

Pressure receptors are noted by Pooley & Gans 
(1976) to occur "between the teeth and (in) the 
jaws" of the Nile crocodile and that they function to 
gauge the intensity of a bite. They do not, however, 
give any histological description of these receptors, 
but do state that similar receptors are found in mam
mals, including humans. This investigation revealed 
that lamellated, Pacinian-like corpuscles were fre-
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quently observed in the palate and the gingivae 
(see Fig. 4B, C and 6A). These corpuscles were 
otten associated with dome-shaped epithelial spe
cialisations, the latter structures appearing more 
numerous in the lateral and rostral regions of the 
palate and in the gingiva covering the rostral den
tary shelf (Fig. 1 and 3). Similar raised structures 
have been described by Von DOring (1973, 1974) 
on the cranial scales of Caiman crocodilus. These 
cranial touch papillae or integumentary touch papil
lae are also associated with structures resembling 
mammalian Pacinian corpuscles and the illustra
tions presented in the papers of Andres & Von 
DOring (1973) , Von DOring (1973) and Von DOring 
& Miller (1979) reveal lamellated structures similar 
to those observed in the oral cavity of C. ni/oticus in 
the present study. In contrast, Jackson, Butler & 
Youson (1996) described slightly convex integu
mentary sense organs (ISOs), which only occur on 
postcranial scales of crocodylids and gavialids and 
which are not associated with Pacinian-like corpus
cles. Despite the absence of the Pacinian-type cor
puscles, the micrographs (LM and 5EM) and illus
trations presented by Jackson et al. (1996) of the 
150s reveal certain similarities to the dome-shaped 
structures described in the present study, namely, 
the domed, low profiled elevation of the epithelial 
component of both structures and the underlying 
pale-staining zone of connective tissue (H&E
stain). Jackson et a/. (1996) refer to the modified 
connective tissue component of the 150s as a ~dif
fuse pocket in the dermis~ and that it contains fluid. 
They further note that this diffuse pocket contains 
very few collagen fibres in comparison to the sur
rounding connective tissue, an observation also 
made in the oral cavity in this study. Based on their 
structural characteristics, Von DOring (1973, 1974) 
described the touch papillae as being mechano
sensory in nature. Conclusions drawn by Jackson 
et al. (1996) were that the 150s identified by them 
possibly had a mechanosensory or chemosensory 
function and that further physiological studies 
would have to be performed to determine their true 
function. Based on these comments it would appear 
that the dome-shaped structures associated with 
Pacinian-like corpuscles found in the oral cavity of 
the Nile crocodile function as pressure receptors. 

Hulanicka (1913) examined the nerve endings in 
the tongue, palate and the skin of two species of 
crocodile, viz. , C. niloticus (eight young specimens 
examined, 25-45 cm in length) and A. mississippi
ensis (three young specimens examined, 65-110 
cm in length) and described five types of nerve 
endings in the tongue, palate and the abdominal 
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skin. These were free nerve endings (in the palate) , 
touch cells (in the stroma of the tongue, dermis of 
the skin , stroma of the stomach, chin and jaws), 
tactile papillae (in the skin and in the mucosa of the 
tongue and palate), tactile corpuscles (in the stro
ma of the tongue, the palate and in the dermis of 
the skin) and taste buds as described by Bath (1905, 
1906). Hulanicka (1913) described two types of tac
tile papillae in the mucosa of the palate; the first 
type was small and pointed and covered by a rela
lively thin epithelial layer, while the second type was 
much larger, rounded at the tip and covered by a 
thicker epithelial layer than that of the pointed papil
lae. This description corresponds broadly with the 
pointed (conical) processes and the dome-shaped 
structures respectively, identified in the present 
study. The tactile corpuscles identified and illustrat
ed by Hulanicka (1913) , however, bear little resem
blance to the Pacinian-like corpuscles observed in 
our specimens. Hulanicka (1913) does note that 
the size and distribution of the sensory structures 
change with the age of the specimen. To what 
extent the larger (older) crocodiles examined in this 
study (compared to the relatively small specimens 
described by Hulanicka) reflect age related differ
ences, could not be determined. Although the spe
cific innervation of the oral cavity was not examined 
during this study, it was found , as described above, 
that the palate and gingivae were rich in Pacinian
type corpuscles. 

It is of interest to note that the diagrammatic repre
sentation of sensory nerve endings and the distri
bution of nerves in tactile papillae in the palate of A. 
mississippiensis presented by Hulanicka (1913), 
correspond to the general form of the light-staining 
connective tissue cores underlying the sensory epi
thelial structures seen in micrographs presented in 
this study (see Fig. 40 and GA, B). 

luppa (1977) , who generalised his description of 
the histological composition of the reptilian oral 
cavity, reported that taste buds were scattered 
throughout the epithelium of the oral cavity in rep
tiles and that in Lacerta the taste buds were most 
numerous laterally and on the palatal folds. luppa 
(1977) further reported that reptilian taste buds 
showed no significant differences in their cellular 
composition from those of mammals and that sen
sory neuro-epithelial cells (= 5chmeckzellen of 
Krause 1922, cited by luppa 1977) and supportive 
cells occurred in both mammals and reptilians. 
Bath (1905, 1906) studied the structure as well as 
the distribution of taste receptorS in the Nile croco
dile and the alligator, and reported taste receptors 
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towards the back of the oral cavity and in the pha
ryngeal cavity and upper region of the oesophagus 
of C. ni/oticus. Taguchi (1920) identified small num
bers of taste buds in the palate of C. ni/oticus and 
C. porosus but not in A. sinensis. Sensory struc
tures observed during this study in the epithelium of 
the palate and gingivae, and presumed to be taste 
buds, were of similar morphology to those described 
by Bath (1905, 1906) and Taguchi (1920). Hulanicka 
(1913), however, disputed some of the findings of 
Bath (1905, 1906) regarding the structure of taste 
receptors in the species he examined, specifically 
the association between support cells and the nerve 
fibres innervating the taste bud. In this study the 
taste buds displayed typical longitudinally oriented 
supportive and neuro-epithelial cells and were 
observed to be associated with medullated nerve 
concentrations situated in the connective tissue at 
the base of the taste receptors. In addition, this 
study graphically illustrated by SEM the cuticular 
processes of the neuro-epithelial cells where they 
emerged through the taste pore (see Fig. 6E and 
F). 

Although they occurred throughout the palate and 
gingivae, taste receptors were less common than 
the ubiquitous pressure receptors. However, the 
presence of both types of sensory receptors in the 
palate and gingivae points to the important func
tional role played by both components of the oral 
cavity in monitoring taste and pressure. 
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